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@ Method of activating cytolytic activity of lymphocytes using anH-CD28 antibody. 



@ The development of c^iytk: activity of lymphocytes can be potentiated t>y contacting the lympho- 
tytas with antibody reactive witi CD28 receptor, such as 9.3 monodonai antibody. The cytolytic activity 
thus potentiated is CDS heteroconjugate-independent since targeting with a CDS anti-target con^xxind 
is not required. The development of cytolytic activity can be further potentiated by aiso contacting the 
lymphocytes with antibody reactive with anti-CD2 antibody or immobilized antibody Id the CDS 
receptor, or by also contacting the lymphocytes with interieukin-2. The CD28 receptor may be 
aggregated on the surface of the lymphocytes, as by crosslinking ttte antibody reactive to it on the 
surface ct the lymphocytes. This crosslinking can be by the use of a second antibody reactive witti the 
anti-CD28 antibody. Another aspect of the present invention is a method of adoptive therapy for treating 
cancer in a subject comprising ttie steps of: (1) contacfing lymphocytes in vitro with an antibody 
reactive with CD28 rece{^r to potentiate the development of cytolytic activify of tite lymptioc^tes to 
produce lymphocytes having cytolytic activity that is CDS heteroconjugate independent; and (2) 
introducing the cytolytic lymphocytes into a subject to kill canc^ cells. 
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BACKGROUND OF THE INVFM-noK. 

«*jjch lymphocytes areslimulaled invito 

Methods are known for sHmulaHng \mphocv^^^I^f al-. Science 223 :13ia.i321 (1986)). 
«n be taigeted to lyse tumor cells usiXSToS^gaS^'^^^^ 003^ JJ J cells 

toCD3 and a mAb reactive with a tumo«ssociSr^lT„? ^ f monocTonal antibodies (mAbs) 
«th IL-2. (Jung et al.. PjSCJlaLAcadSd^^^s^^^^^ '"«"»'ation with anti.CD3 U 

«t al^ Nature 316 : 354 (19851) LilcM«/!« • ' ' ^ J- Immunol, la? -on^Q MnB^ . p^, ' 

Staerz. et al. Eur. J. Immnnm 17 .57, ..gg^u '^f (^"^'na ^t al.. ^UmmunoL 140 2609 (1988) • 

•^causetheyr^^Jii^^^i^^ ^^'s are rel^^^, "CDS^eplS 

«nalsobeconfer,edbyconJuga«ngahormo?e'?;Sa^^^^^^ 

(Lw etal.. Science 239 :395(1988)). ^'"^'^"'^^'''""'at'nghomione.toananti^SinAb 
Phy^h^'^^^^^^ Without rejuiHng stimulation of CD3 using 

t!Lh . ^ ^ • '^*'"yama et al.. Cell. Immunni 1 1 1 -482 (lati R^ A l ' ^® ®* JJimDHDoL 
T^H clones and leukemlccellshaslii^^iiiT^^^ 

(98fS^'-':?^^'^> = '''"'«'-tiy=^ 

(1987) , Roberts etal.. Eur. J. Immunol ^^ -.i^o /lop.;^ V nV, -„ ^ ' ^'°°'«etal.. JJmnnmoL 138 :1331 
g t.e major histocomp-i^wii^^;;^^ (MHq aS^I^ted Sl^^^^^ after acti^iS^inT^^stricted 
Calamon.c.etal..suEra:DamleetaI..siL^ 

cells but may require surface expressi^he CD3 T?^f <iepBn6^t on CD3 interaction with thellL 
This jailing is referred to as "CD^independern^^^^^^^^ (^"'^'e. et al. s^^ 
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CD28 receptor on the surface of the lymph^s ^^T^rc^^HJ^^ '^active with 

Phocyles is CD3 hetenx»njugateHndeZdeXiau,se T^^h'^ ^'""^'"'^ <^ the lym- 
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Chains, such as monoclonal antibody 1871 CDMn.^ 
lar weight conjugate, for example intainmg anfrSss?^^^^ 

n^odonal antilK^y b ^o 9.3 monolnal atiS ?9 3 x ts^*""? "'"»«^- 
body^ Tje lymphocytes can additionally be cor^Ztmtl ^ ^ °^ "™"°bilized antWDD28 antl- 

BRIEF DESCRiPTinM oct he DRAWINGS 

Figure 1 is graphs showing treatment of CDIBmAb dI,« r't« m.^ .. 
and L6 or aJona ^ •-•v . '"njugate ( ), unconjugated G19-i 

OETAILgp DESCRIPTlm, /vr iMyEMnnM 

^jnord..attheinven«onhereindescnbedn«ybemore.llyunderst^^ 

^moMized ant.-CD3 mAb must be present «e T celfs 11.^* T"*" '"'^^ ^ 
to .nduce the cytolytic activity, it has Seen ioT^JZI^^^ZZT'''^ ^^"^ ^^^^ mAb 
to attack and lyse tumor cells by contact with ant^CD2?S • ' !1 T""**^ ^fTMSiently stimulated 
*e ki ling or -efTector- phase oflthe lysiS S ^^^^Z^L T''^ ^''^ heterocon^^ates dt^ 
^.jated by the contact of T-ce,. ^ph^^l antSS 1^^^ "^^ ™» '^''^ 
activiiy. The cytolytfc activity ^^miilztodb^^^S^ Z^^J^^ ^ "erein as -cytolyfc 

Pendenr during the cell kWing phase Z^Zt^^^^^^'"''''"'. "CD3 hete^conjugaTSr 

l^ceptor on T cells and an antibody reacti^ri tZ^"^^ J?'"' antibody reactive wiTtiieSS 
not required during this phase. tumor-assocated antigen for targeting to the tumor ceils is 

1. General SBm uiation MethnriR 

co.Jarsr.r^^^^^^ 

^ «"«^D3 antibody. Preferably, the «ympho^rarT^ ^m^h^^ 

a polyclonal antibody ora monoclonal anKbaJy buHs omflTh anti-CD28 antibody can be 

of such a preferred monoclonal antibody fe S,!^!;.^ ?^"^ antibody. A particular exarnote 

ATCC No. 10271 described furth^iS P^e^^ZolTj^^'^''' '^''"^'^ ^ "ninodonal^S^? 
withaspecificreceptorsuchasCD28re^pS^^reS^^^ 
and Mistein 0^256 :49B(1975)may^rurtoZ^^^^^ 

2. Potentiation of the Response inf.H...^;„ o 
ftus actn«ting tyrosine kinase in Tcells (San et^ 

^Liioh 8 .-2214 (1988)). When IL-2 is useT^^fe orefe^T^;^ ^^^«> ' ^ etal. L 
units/ml. most preferably at about 50 unit^ml ' ^"^'^ 
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3. Contact with CD3 or CD2 Antihr.^ 



Preferably, the second -nntc^LX^JTcoT^^ZT^^^ °^ 
bcu ar example of a preferred monoclonal antib<Sy wi^fh! rS^ " ' monoclonal antibody. A par- 

designated as 9.6. described further. Infra. A Si ^02 receptor is the monoclonal antil^dy 

10 with «,e CD3 receptor is the monodoniSnlTdtLatrJs S^li'^^^^ "^"^'""^ '"^^y -active 

3.PP0.w..ownln.ear.Thean.odymaTbr.?hr 
*s 4. Crosslinldnf i 

the anfi.CD28 antibody. Le. reacting the l^S^B anl^l'T^T.:-^^^ bycrosslinldng' 
20 Phocytes.ThecrosslinkingmaybeaccomDlSredbvrn^^ '^'"^ Resurface of the lyrrv 

-a^e With the anB-CDSalodyTlx^Xofs^^^^ 

brndrng to mouse K chains such as rnonotiol^ZS^lST^T. Vr " ™' ^ntibo^ 
nabvely. the CD28 receptors may be aggreited bv^I I'^ ^^""'f » ^e second antibody. Alter- 
antibody, for e^cample an anti-CoLanSaTg 3 J TZl^T^- """'"""^ *"'9ht conjugate of an^CD28 
25 tected With antHCD28 antibody immobS to Sstc S^^^ ^ may be corv 

surfaces. " ^ P'^^^'^ surface to aggregate the CD28 receptors on the cell 
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CD28 antibody may be used for the in vitro actSto^TcSrSS!"".' •nver.bon. anti- 

T lymphocytes taken fmm a patient ^^S^b^S^^^^ 

be reinflised into the autologous donor to kill tumor^Sr^ -k . . ^'^^^ a"** «" Wen 

methods of the imrention for potenhating the T^ r^T^l '"^^ al.. sufira, Any of the 

fi.st step in this general metiL i atp't^e t^^^py^^s' ^J'J maVtused'as 
or L.2 may be added with the anti-CoStody to ^0 ,110^ '^' """^"^ °^ ''"^"^ antibody 
activity in the lymphocytes. The CD28 recepti on me ^S^^^ '^'^y^' 
mduction of cytolytic activity, for example Z^^Il^Z ^^r.^ ^'^'^"^^^ aggregated to enhance Z 
187.1 orwithasecondanS^D28rr:S%tmS^^^^^^ 

face to aggregate the CD28 receptor for inductirS'thl Immobilized to a plastic sur- 

lnvoh,e the invito co-incubation or pr^ nS^at n S Se ?h^^ '"^V a'so 

Adoptive therapy has the advantage S^dZ^e ISI « °»!er bnmunomodulators such as IL-Z 
heteroconjugate incorporating an antfbody raaS Ifth ^nlHoJ "" '""^ ^'^^ ^ « •^««"9 
hateroconjugates are time consuming and nav bTn™ ' ,^ !. associated with a tumor cell. Such 

^ activated inv^ and only rXtedTCoSS'are in^Z^'n^^ ^'"""^^ "'^'^"y- '^^P^^^ 
treat Immune disease. vmphocytes are mtroduced Into the subject to kOI tumor celte or 

cytes may then be administered to tJepaSr^^^^^ 

foMheadopfivetherapywrlldependonKve^^a:^^^ 

to treatment and thejudgementof the treating pEan A^^^^^ 

shouldb fitratedtoth individualpatient ^'^•"•*''*^9^*^«'«activ^^ 
disclosure or the pr^tecfion granted ^Z^^ ^eST'' ^^'-'^ «imit the scop ^ th 
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Activation of Cytol ytic Actfvitv With AnH.CD28 Antibody 
Monoclonal Antibodies 
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fttertinetal.. JJmn2yno!.131 :180(1983) An8^[SrAhrJA??;!r^°^^ 
vrasobtainedas described inY^iS^iSi::HS^ 

an lgG2a. Is braadly reacbVe wItt, oan^in^SS^V 'ilffer^r^^^ ^o. HB 8877. 

jugates. It was obtained as described in Hdls^mTal Snl S ^"^ ^ ^ 

HB 8913. an IgGI nfflnodonal antbody. was Sale wSS^^ ^ '^'^ ^^^^^ ^o. 

andwas used asacontrol in some experimerXlSZfr^^^^^^^ 
Antl-CDie mAb F01. an IgM. was obtained^ J^SnT^t'"''' ^.^^f^ 

Michael. Ed. (1987). and ^ used as ascrtes fl^^^dn^ Ch. M5.3. 

obtained from Dr. B. Dupont (Memorial 510^^.2^ n ^ '"^ an lgG3. was 

137:1097 (19^:rd"ru?e"n'^^^^ 
obtained from Sigma Chemical Co. (SL Louis. MO) P''orboH2-mynstate-13.acelate (PMA) w^ 

Preparation of Heterocon /uf^fltea 

cA,ri::^srneTc^;,^^^ 

Phycoerythrin coupling whichhas^^'cS^^^^^^^ 
^th2-ITat250Mg,n.mA?a:fdasTc; "nT^^^^ 

were desalted and mixed together to fbm,Tst^e I^S.r ^ ^"^ ^« "^^^ 

exdusfonchnnnatography uTlngaSupe-^^eSSa^^^ ^^'^m^ were analyzed by size 

Jugateslzesrangedfh,m>760MSn^Kd^^^^^^ ^'T'"^ column (1 X 30 cm). HeteiJcon- 

targeting activity was present in all fraSSiSn^l^ ^^^^^ 

unfractlonated hate J^gate^eSSe L «""«^ ^^^I^ 

present experiments. ' ^"'^^^^ heteroconjugate was used unfracflonated h the 



Preparation of Effecinr Cells 
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donorby^Xir rTS;X SnT^ 7 ^ " ^ ^^-^ 

washedtwicelncurn.remedium(CM RPMI^^^^^^^^^ ^ ' ^^^"'^ ^C) gradient After being 

cells were incubated at 1 or^nl Jth arcoS^p "l ZT^"''; * ^ ^ * ■« ^ P^n^TeP) 

heat-lnactiyated pooled nonr^l human ^Zl^iSui^J^^^^^T ' * 

complement (Pel-Freeze) was added at aTf^l^ZTril^^," ^""^ '° 
For CD3 activation. 75 cm2 flasks were inoibaL for fin m-J ' '""""^^ ^ *^ 37-C. 

saline (PBS) * 1 0 .g/ml anti^DsZ rg^ Aftt 3!^^^^^^ 

PHS were added to the flasks which w^^en^n^bated r T.' '^^'^ ^''^ '""^ 
were washed andtransferredtofresh flasks JZwSho^l^^^^^^^ 

returned to the incubator until use "r w«nout addition of IL-2 (Genzyme. Boston. MA). Cells were 

Preparation of Target Cells 

ycuiig. 'ney were Kept In continuous culture &ilMDMc(lscov "s 
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Modified [>ulbecco's Medium (6IBC0, Grand Island, New York) until use. SS, a B-lymphoblastoid cell line (B- 
LCL) (Oncogen, Seattle, WA) generated by Epstein-Barr Virus (EBV) transformation of normal cells, and K562, 
s an erythroleukemia line, (Oncogen, Seattle, WA) were kept In continuous culture until use. Target cells (3 x 
10^ were labeled with 250 pCi of ^^Cr for 60 min at 37°C and washed 3 limes before use. 

g lCr Release Assay 

10 The s^Cr r^e^e assay measures the cytolytic effect of the effector cells and is described by Jung et al., 
Proc. NatL Acad. Sd. USA 83 :4479 (1986). Washed effector cells in 50 (il CM + 10% PHS (107ml) were added 
in triplicate to the wells of a 96-well round bottom plate along with 50 (il CM -•- 10% PHS, with or without 
heteroconjugates, antibodies, or various mixtures of the two. Subsequently, the plates were placed in the 
Incubator at 37°C in a 5% CO2 atmosphere for 4-6 hours. After centrifugation of the plates (400 X g. 10 min), 

IS 100 til of supernatant were removed from each well. The ^^Cr released from iysed celte was detenmined using 
a gamnm-ray counter (ICN-Micromedic, Worsham, PA). Percent cellnmediated lysis (CML) was calculated by: 

( ^ - SP ONTANEOOS RRT^KftgE) 

(MAXIMAL RELEASE - SPONTANEOUS RELEASE) ^ '^^^ 

20 

where X is the total release of ^^Cr in the presence of the effector cells. Spontaneous release was determined 
by counting supematants from labeled target cells incubated only with medium. Maximal release was estimated 
by exposing labeled target cells to detergent (4% Cetrimide, Sigma Chemical Co., SL Lxwis, MO) and counting 
25 the supematants. Means of the triplicate determinations are presented herein. Standard errors of the mean dkl 
not exceed 10% in any assay. Maximal release averaged 12 times higher in cpm ttian spontaneous release 
throughout these experiments. 

Deplefion of NK AcBvi^ by Treatment with Anti-CDIB Antibody Plus AcHvated Complement 

30 

In order to confine the cytolytic activity shjdied to ttiat of T-cells, CD16-positive ceils wera removed from 
PBMCs as a way to elftninate most of the NK cell activity before activating the remaining PBMCs by incubation 
with immobilized anti-C03 and IL-2. For this purpose the monoclonal antibody FC-1 (Oncogen, Seattle, WA), 
an IgM ant)-CD16 mAb that fixes complement eflicienliy, vras used. 

35 The H3347 colon carcinoma cell line, which expresses a surfoce antigen defined by mAb L6, wa^ labelled 
with B^Cr and used as targets at an E :T of 50 :1 in a five house assay. PBMCs were used as effector cells, 
either untreated or pretreated with anti-CD16 mAb (FC-1) plus complement (C). Subsequently, the cells were 
incubated for 3 days with an anti-CD3 mAb, G19-4, bound to i^astic, followed by one day of rest in a ftesh flask 
to which 50 U/ml of IL-2, but no ant>-CD3 mAb, had been added. mAb heteroconjugates were used at 3 |ig/ml 

40 final concentrations and mAb mixtures were used at 1 .5 |ig/ml for each mAb. Table 1 shows the results in per- 
cent CML The data is representative of six experiments. 



45 



so 



55 



6 



EP0440 373A1 



10 



15 



20 



TABLB 1 

Lysis of H3347 Carcinoma Cells by an Anti-CD3 L6 He terocon jugate 

mAb Heteroc oniuaate or Mixture 

Effector 

cell Pre- Effectors Anti- Anti- Anti- Anti- L6 
Treatment Alone CD3/L6 CD3/ CD28/ CD3+L6 Alone 

L20 L6 



None 21 42 24 18 24 30" 

Antl-CD16 

+ 1 14 2 1 5 n 



Resfing PBMCs Biat had been treated with FC-1 plus C were not at all cytolytic (0% lysis) when tested 
2S against the NK-sensitive line KS62 at effector cell/target cell (E :T) ratios of from 12.5 :1 to 100 :1, while a 
sample of tiie same PBMCs that had not been treated with FC-1 lysed the KS62 target cells (58% lysis). When 
the GDI 6-negative cells were activated by anti-CD3 antibody, no lytic activity of effectors atone was generated, 
whereas effector o^ls not treated with anti-GDI 6 and complement retained their lytic activity (Table 1). How- 
ever, when a conjugate between mAb L6 and the anti-CD3 mAb G19-4 was added to the H3347 carcinoma 
30 cells used as targets, these were lysed by activated GD16 negative PBMCs. Addition of unconjugated mAb in 
equal amounts did not mediate cytotoxicity. Therefore, lysis of H3347 cells was not dependent upon Fc-me- 
diated targeting l>y the anti-GD3 mAb used in these experiments. Furthermore, the heteroconjugate effect was 
GD3-independent, because a conjugate between the L6 mAb and the anti-CD28 mAb 9.3 did not mediate taiget 
cell kflling. Heteroconjugate targeting was also dependent on the specificity of the tumor-cell antibody, Ij6, since 
35 a heteroconjugate of G19-4 nrtAb and L20, a mAb reactive with lung cardnomas but n^ative v^Hi H3347, did 
not induce cytotoxicity. 



Activation of GD3 Heteroconjugate-lndependent Cytolytic Adivily by Stimulation with An1K;D28 Antibody, 
AnM-GD2 Antibody and Anti-GP3 Antibody 

40 

GD16-negative PBMCs were activated over a 3 day period according to six methods before being tested 
for their abOity to lyse ^^Gr labeled H3347 cells (effector to target cell ratio of 50 :1) in a 5 hour assay. Activated 

cells were tested alone with CM + 10% human serum as a control (^^ ), with unconjugated mAbs anti-CD3 

^ (G19-4) plus mAb L6 ( O-O ), or with G19-4/L6 heteroconjugate ^^^). The results are shown in Figure 1. 
When cultured without activation (Figure 1A) the cells progressively lost their ab9ity to lyse targets in the pre- 
sence of the G19-4/L6 heteroconjugate so that by day 3, less than 10% CML was observed. With the donor 
used for this experiment, activation by anti-CD2 antibody (9.6 + 9-1 , Figure 1 C) or anti-CD28 (9.3 crosdinksd 
by 1 87.1 , Figure 1 D) pathways also fa3ed to actuate a heteroconjugate-dependent lysis, although the PBMCs 

^ enlarged and entered the cell cyde. Altematively, activation with anti-CD3 antibody attached to a solid phase 
increased the ceils' CD3-dependent lytic potent»l over the 3 day period (Figure 1 B), generating over 30% CML 
by day 3 in the presence of heteroconjugate, while there was no killing in the absence of heteroconjugate. 

Addition of ane-GD28 mAb 9.3 to either ttie anti-C03 activation (Figure 1 E) or the anti-CD2 activation (fig- 
ure IF) not only increased heteroconjugate mediated killing by day 3 (anti-G03 activated cells increased ftom 

S5 32% to 45% ; anti-CD2 activated cells increased from 10% to 46%), but also exhibited an increased (20%) CD3 
heteroconjugate-lndependent cytolytic activity. These data sugg sted separate pathways for th CE)3 
heteroconjugate-d pendent and CDS heteroconjugate-independent lysis. In 7 costimulation experiments with 
anti-CD3 mAb, anti-CD28 mAb significantly increased CD3 heteroconjugatenndependent c^lyb'c activity (p< 
.005). Similariy. in 13 costunulation experim nts witii anti-CD2 mAb, anti-CD28 mAb significantly increased 
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CDS heteroconjugate-indep ndent cytolytic activity (p< .0005). 

Activation of CD3-lndependent Cytolytic Activity By Stimulation With IL-2 

CD16-n8gative PBMCs were incubated for 4 days alone, or in the presence of increasing concentrations 
of IL-2, immobilized anti-C03 mAb, or a combination of the two. Activated cells were tested for their ability to 
lyse Bicr-labeled H3347 tumor targets. Samples were tested in the presence of 3 \igfni anfi-CD3 L6 heterocon- 

jugate ), 3 jig/irt MAbs ant>-CD3 plus L6 ( ^^^) or alone (* and were observed to generate high 
levels of COS heteroconjugate-independent cytolytic activity (Figure 2). At 1000 U/ml of IL-2. lysis in the pre- 
sence and absence of the heteroconjugate was 77% and 60% respectivdy. Lysis was not blocked in this ex- 
periment by the addition of 3 )ig/ml anti-CD3 antibody. In other experiments concentratbns of anti-CD3 mAb 
up to 100 |ig/ml were not able to block this iL-2 generated T-cell killing. Even at low levels of IL-2 (10 U/ml), 
lysis increased from 2% to 20%. When IL-2 was combined with immobilized anG-CD3 during the activatton of 
resting T-cells, the COS heteroconjugate-independent cytolytic activity was reduced. When at 1000 U/ml IL-2, 
effector c^is alone gave only 22% CML. while heteroconjugate-mediated lysis remained high (70%). 
Additionally, four times as many cells were recovered from the groups activated with anti-CD3 + IL-2 as com- 
pared to the groups activated with IL-2 alone. Therefore, COS-heteroconjugate Independent cytolytic activity 
is induced by IL-2 alone, and is decreased rather than increased by nnmobilized antnCOS mAb. 

Comparison of IL-2 and Anti-C028 Antibody Stimulation of CD3-lndependent Cytolytic Activity 

CD3 heteroconjugate-independent cytolytic activity was induced by stimulating the C016-negative cells 
with increasing concenb^ons of iL-2 and with anti-CD28 antibody by crosslinking mAb 9.3 on the cell surface 
with mAb 187.1, as described further below. In addition. CD)6-negative cells were stimulated with anti-CD28 
and anti-CD2 antibody or PMA. 

CD1 6-nega6ve PBMCs were cultured for 4 days alone or in flie presence of 1 |ig/ml anti-C028 mAb (mAb 
9.3 crosslinked with mAb 187.1), 1 fig/mi anti-CD2 (mAb 9.6 crosdinked by 187.1) or a combination of tiie two. 
Co-stimulation of CD2 and C028 was peifbrmed using crosslinking conditions (as described by Ledbetter et 
al., E.J. Immunol. 18 :1601 (1988)). Briefly. 1 |ig/rrd of mAb 9.3 was combined with 1 |ig/ml of mAb 9.6, tiien 
10 min. later writh 8 i^ml mAb 187.1 witti no cell wash. Other samples were activated witti PMA (10 ngfcri) or 
a mixture of antl-C028 mAb and PMA. IL-2 (50 UAnI) was added in some cultures as indicated. Effector cells 
were incubated in triplicate w'rth ^^Cr-labeled H3347 colon carcinoma cells at an E :T ratio of 50 :1, alone or in 
ttie presence of 1 .5 |ig/ml each of G1 9-4 mAb (anti-CDS) and L6 mAb. Percent CML in a 5 hour assay is shown 
in Table 2. The standard errors of the mean did not exceed 10% in any sample. 
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TABLE 2 

CD28 Stimulation Synergizes with CD2 or PMA 
Stimulation in Inducing CD3-Independent Cytolytic 

Activity 



%C ML 



Induction of Effector- 

IL-2 Effectors CD3/L6 
pAb apd/pr pffl rso D/m3^ alone hS 



None 



Anti-CD28 
(9.3 + 187.1) 
Anti-CD2 
25 (9.6 + 187.1) 



2 
7 

9 
21 
0 
7 



21 
26 

25 
25 
16 
17 



CD^-^L6 

4 

12 



14 
27 
2 
6 



30 



Anti-CD2+Anti-CD28 - 
(9.3 + 9.6 + 187.1) + 



35 
36 



46 

43 



39 
40 



PMA - Q g ^ 

+ 9 22 21 

3S 

Anti-CD28(9.3)+PMA - 25 41 33 



40 



As shown In Table 2, cells cultured with anti-CD28 an6tx>dy slightty increased the COS heteroconjugate- 
independent cytolytic activity (9% versus 2%) slightly abowe background levels, as did activation with low levels 
45 of >L-2 (7% versus 2%). However, co-stimulation with CD28 and IL-2 increased the CD3 heteroconjugate-inda- 
pendent cytolytic acuity to 21%. In each of these cases, specific heteroconjugate-mediated lysis was essen- 
tially unchanged. Crosslinking of an anti-CD2 mAb, alone or in combination with IL-2. Induced only minimal 
(^tolytic activity. 

Co^timulation of CD2 and CD28 generated bott) CDS heteroconjugata-dependent (46% CML) and 
50 heteroconjugate independent (35% CML) activity, which was not further increased by the addition of IL-2 during 
the 4 day activation. Addition of PMA to the anti-CD28 MAb inaeased the generation of boUi the C03 haterooon- 
jugate-independent and dependent cytolytic activity, whle incubation of ceils witii PMA alone during acthration 
was ineffective. Addition of IL-2 to PMA during the activation period slightly incra^ed the cells' cytolytic abBliy. 
Table 2 thus shows that anti-C028 antibody can stimulate a significant amount of cytolytic activity inda- 
55 pendent of the presence of a CD3 heteroconjugate, that is not inhibited by unconjugatsd anti^D3 mAb. This 
stimulation Is further Increased by the addition of PMA, IL-2, or anti-CD2 antibody. Co-stbnulation of cells vrith 
anti-C028 mAb together with IL-2 or in combination with immobilized anti-CD3 mAb was able to elicit or aug- 
ment a CD3 heteroconjugate-independent cytolytic response as shown in this example. Incubatk>n of cells with 
IL-2 alone generated high levels of cytolytic acthrity which was CD3 h teroconjugate-independent and was not 
inhibited by anti-CD3 mAb. 
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Although co-stimulation of T-cells with anti-C028 mAb has been reported to produce high levels of IL-2 
(Martin, et a)., J. Inwiunol. 136 :3282 (1986)), the results presented herein demonstrate that incul)ation with 
s anti-CD28 mAb 9.3 plus low levels of IL-2 (10 unttsftnl) gave a higher cytolytic response than incubation with 
IL'2 or anti-CD2d mAb Indhrtdually, suggesting that the generation of cytolytic activity by exposure to an anti- 
0728 RiAb may not be mediated by IL-2 production alone. This Is also supported by IL-2 vs. CD28 signal trans- 
duction differences, and diflierences in the interaction with anti-CD3 mAb. 

The anti-CD28 antibody may thus be used to induce cytolytic activity in lymphocytes in the presence of a 
10 cO'Stimulatory agent such as anti-CD2 mAb, immobiliied anti-CD3 mAb or IL-2. in addition, in contrast to 
heteroconjugate-mediated kOling which is dependent on stimulation of the CDS receptor, the cell-killing phase 
of the cytolytic activify of lymphocytes stimulated with anti-C028 mAb occurs in the absence of heteroconju- 
gates containing anti-CD3 mAb and a tumor targeting antibody and does not require stimulaOon of the CD3 
receptor. 

IS As will be apparent to those skilled in the art to which the invention pertains, the present invention may be 
embodied in fomis other than those specifically disclosed above without departing from the spirit or essential 
characteristics of the invention. The particular embodiments of the invention described atxsve, are, therefore, 
to be considered in all respects as iliustrative and not restrictive. The scope of the present invention is as set 
forth in the appended claims rather than being limited to the examples contained in the foregoing description. 

2D 

Claims 

I. A method for potentiating the development of cytolytic activity of lymphocytes comprising the step of con- 
25 tacting lymphocytes with an antibody reactive with CD28 receptor on the surtece of said lymphocytes to 

produce cytolytic lymphocytes. 

Z The method of daim 1 wherein said lymphocytes are T lymphocytes. 

30 3. The mettiod of claim 2 wherein the cell killing phase of said cytolytic activity does not depend on sb'mulation 
of the CD3/Ti receptor complex. 

4. The metttod of daem 1 wherein said antibody reactive wiUi CD28 receptor is a monoclonal antibody. 

35 5. The method of daim 4 wherein said monodonal antibody is monodonal anta'body 9.3. 

6. The method of daim 1 further comprising the step of contading saki lymphocytes with anb'body reactive 
with CD2 receptor. 

40 7. The metiiod of daim 6 further comprising the step of crosslinking said antibody reactive with CD2 receptor. 

8. The method of daim 1 further comprising the step of contacting said lymphocytes with antibody reactive 
with CDS receptor. 

4S 9. The mettiod of daim 8 wherein said antibody reactive wittiCD3 receptor is immobilized to a solid support 
10. The mettiod of daim 1 further comprising the step of contacting said lymphocytes with interieukln-2. 

II. The method of daim 1 wherein said lymphocytes are contaded in vitro with said antibody reactive with 
so CD2B receptor. 

12. The method of daim 1 wherein said antibody reactive witii CD28 receptor on ttie surface of said lympho- 
cytes is crosslinked to aggregate said CD28 receptor. 

55 13. The method of daim 12 wherein tiie cross-linking of said antibody reactive witti CD28 receptor is carried 
ut by crosslinking said antibody witti a second anb'body reactive witti said antibody reactive witti CD28 
receptor. 

14. Th metiiod of daim 13 wherein sakl second antiliody is a rat monodonal antibody binding to mous K 
chains. 

10 
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15. Ths method of daim 14 wherein said rat monoclonal antibody is mcmodonal antit>ody 187.1. 

5 16. The method of daim 13 wherein said antibody reactive with the CD2B receptor Is monodonal antibody 9.3. 

17. The method of daim 12 wherein said crosslinking is carried out by contacting said lymphocytes with a high 
molecular weight conjugate. 

10 18. The mettiod of daim 17 wherein said high molecular weight conjugate contains anti-CD28 monodonal anti- 
body linked to anti-CD28 monoclonal antibody. 

19. The method of daim 18 wherein said anti-C028 monoclonal antibody is 9.3. 

IS 20. The method of daim 1 wherein said CP28 receptor is aggregated in vitro on the surface of said lymphocytes 
by contacting said lymphocytes with immobilized anti^I}28 monodonal anb'txxly. 

21. The method of daim 13 further comprising the step of contacting said lymphocytes with interteukin-2. 

20 XL A method for treating cancer in a subject comprising the steps of : 

(a) contacting lymphocytes in vitro with an antibody reactive with CD28 receptor to potentiate the 
development of cytolytic activity of said lymphocytes to produce lymphocytes having cytolytic acthnty 
that is CD3 heteroconjugate-lndependent ; and 

(b) introducing said cytolytic lymphocytes into a subject to idll cancer cells in said subject 

25 

23. The method of daim 22 wherein said antibody reactive with CD28 receptor is a monodonal antibody. 

24. The method of daim 23 wherein said monoclonal antibody is monodonal antibody 9.3. 

30 25. The method of daim 22 wherein step (a) further comprises contacting said lymphocytes, In vitro with anti- 
body reacthre with C02 receptor. 

26. The method of daim 22 wherein step (a) further connprises contacting said lymphocytes in vitro with anti- 
body reactive with CD3 receptor. 

35 

27. The method of daim 26 wherein said antibody reactive with CDS receptor is Immobilized to a solid support 

28. The method of daim 22 wherein step (a) furtiier comprises contacting said lymphocytBS In vitro with inter' 
leukin-2. 

40 

29. The method of daim 22 wherein said CD28 receptor is aggregated in vitro on the surface of said lympho- 
cytes. 

30. The method of daim 29 wherein said aggregation of the CD28 receptor is carried out by contacting said 
45 lymphocytes with immobilized anfi-CD28 monoclonal antibody. 

31. The method of daim 29 wherein the aggregation of said CD28 receptor on the surface of said lymphocytes 
occurs by crosslinldng said antibociy reactive with CD28 receptor on the surface of said lymphocytes. 

50 32. The method of daim 31 wherein the cat>ss-iinking of sakl antibody reacth^e with CD28 receptor occurs by 
crosslinking said antibody with a second antibody reactive with sakl antibody reactive witti CD28 receptor. 

33. The method of daim 32 wherein said second antibody is a rat monodonal antibcxiy binding to mouse K 
chains. 

55 

34. The method of daim 33 wherein said rat monodonal antibody is monodonal antibody 187.1. 

35. The method of daim 31 wherein said antibody reactive with th CDS receptor is monodonal antibody 9.3. 

36. The method of daim 31 wherein said crosslinking is carri d out by contacting said lymphocytes with a high 
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molecular weight conjugate. 

5 37. The method of daim 36 wherein said high molecular weight conjuugate contains anti-CD28 monoclonal 
antibody linked to anl3-CD28 monoclonal antibody. 

38. The method of daim 37 wherein said anti-CD28 monodonal antibody is 9.3. 

10 39. A composition comprising cytolytic lymphocytes produced by contacting lymphocytes with an antibody 
reacth^e with CD28 receptor on the surface of said lymphocytes. 

40. The composition of daim 39 wherein said lymphocytes are T lymphocytes. 

IS 41. Cytolytic lymphocytes obtainable by contacting lymphocytes with an antibody readive with CD28 receptor 
on the surfiace of said lymphocytes. 

42. Cytolytic lymphocytes obtainable by a process defined in claim 41 wherein the cytolytic lymphocytes have 
cytolytic activity that is C03 heteroconjugate-lndependent. 

20 

43. Cytolytic lymphocytes obtainable by a process defined in daim 41 or 42 wherein said lymphocytes are T 
lymphocytes. 

44. Cytolytic lymphoc^s obtainable by a process defined in any one of daims 41 to 43 wherein the cell killing 
25 phase of said cytolytx; activity does not depend on simulation of the CD3/Ti receptor complex 

45. Cytolytic lympho^tes obtainable by a process defined in any one of daims 41 to 44 wherein said antibody 
reactive with CD28 receptor is a monodonal antibody. 

30 46b Cytolytic iymphoc^tes obtainable by a process defined in daim 45 wherein said monodonal antibody is 
monodonal antit>ody 9.3. 

47. Cytolytic lymphocytes obtainable by a process defined in any one of daims 41 to 46, the process further 
comprising the step of contacting said lymphocytes with antibody reactive with CD2 receptor. 

3S 

48. Cytolytic lymphocytes obtainable by a process defined in any one of dams 41 to 47, the process furtho' 
comprising the step of crosdinking said antibody reactive witti CD2 receptor. 

49. Cytdytic lymphocytes obtainable by a process defined in any one of daims 41 to 48, the process further 
40 comprising the step of contacting said lymphocytes with antibody reactive with C03 receptor. 

50. Cytdytic lymphocytes obtainable by a process defined in daim 49 wherein said antibody reactive with CD3 
receptor is immobiized to a solid support 

45 51. Cytolytic lymphocytes obtainable by a process defined in any one of daims 41 to 50, the process further 
cmiprising the step of contading said lymphocytes with interieukin-2. 

51. Cytdytic lymphomas obtainable by a process defined in any one of daims 41 to 51 wherein said lympho- 
cytes are contaded in vitro witti said antibody reactive with CD28 receptor. 



so 



S3. Cytdytic lymphocytes obtainable by a process defined in any one of daims 41 to 52 wherein said CD28 
receptor Is aggregated in vitro on the surface of said lymphocytes. 



54. Cytolytic lymphocytes obtainable by a process defined in daim 53 wherein said aggregation of the CD28 
55 receptor is carried out by contacting said lymphocytes with invnobOized anti-C028 monodonal antibody. 

55. Cytolytic lymphocytes obtainabi by a process defined in daim 53 wherein \h aggregation of sakl CD28 
receptor on the surface f sakl lymphocytes occurs by crosslinking said antibody reactive with CD28 recep- 
tor on the surbc of said lymphocytes. 
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56. Cytolytic lymphocytes btainable by a process defined in any one of claims 41 to 55 wherein said antibody 
reactiv with CD28 receptor on the surface of said lymphocytes is cFosslinked to aggregate said CD28 
receptor. 

57. Cytolytic lymphocytes obtainable by a process defined In daim 55 or 56 wherein Uie crosslinking of said 
antibody reactive with CD28 receptor is carried out by crosslinking sakl antibody with a second antibody 
reactive with said antibody reactive with CD28 receptor. 

58. Cytolytic lymphocytes obtainable by a process defined in daim 57 wherein said second antibody is a rat 
monodonal antibody binding to mouse K chains. 

59. Cytolytic lymphocytes obtainable by a process defined In daim 58 wherein said rat monoclonal antibody 
IS is monoclonal antibody 1 87.1 . 

60. Cytolytic lymphocytes obtainable by a process defined in daim 55 or 56 wherein saki crosslinking is carried 
out by contacting said lymphocytes witii a high molecular weight conjugate. 

20 61. Cytolytic lymphocytes obtainable by a process defined in daim 60 wherein said high molecular weight con- 
Jugate contains anti-CD28 monodonEd antibody linked to anti-CD28 monoclonal antitxtdy. 

62. Cytolytic lymphocytes obtainable by a process defined in daim 61 wherein said anti-C028 monodonal anti- 
body is 9.3. 

25 

63. A method, for produdng cytolytic lymphocytes according to any one of daims 41 to 62. whk^ comprises 
contacting lymphocytes with an antit>ody reactive with CD28 receptor on the suifece of said lymphocytes. 

64. Cytolytic lymphocytes according to any one of daims 41 to 62 for use as a medicament 

30 

65. Use of cytolytic lymphocytes according to any one of daims 41 to 62 for the manufacture of a medteament 
for the treatment of cancer. 

66. A pharmaceutical composition comprising cytolytic lymphocytes according to any one of daims 41 to 62 
35 in combination with a pharmaceutically acceptable carrier, d iluent or exdpienL 

67. A method for making a phanfnaceutical ccMnposition comprising combining cytolytic lymphocytes according 
to any one of daims 41 to 62 with a phanmaceutically acceptable carrier, diluent or exdpient 

40 68. A kitforsequential use in potentiating the developmentof cytolytic activity of lymphot^tes to produce cytoly- 
tic lymphocytes, the kit comprising : 

a) an antibody reactive with CD28 receptor on the surface of saki lymphocytes ; 

b) means for treating the lymphocytes with the antibody. 

45 69. A kit for sequential use in the treatment of cancer in a subject, the kit comprising : 

a) an antibody reactive with CD28 receptor on ttie surfece of lymphocytes ; 

b) means for treating the lymptracytes with the antibody ; 

c) means for introdudng the cytolytic lymphocytes into ttie subject 

50 
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Figure 1 
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Figure 2 
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